Elevated RhoA/Rho-kinase activity in the aged rat penis: mechanism for age-associated erectile dysfunction.
Epidemiologic studies have shown that aging accounts significantly for the prevalence of erectile dysfunction (ED). The pathophysiology of ED during aging and its underlying molecular mechanisms are largely unknown. We hypothesized that increased RhoA/Rho-kinase signaling is a major factor in the pathogenesis of age-associated ED and the mechanism involves increased penile smooth muscle contractility through inhibition of myosin light chain phosphatase. Male Fischer 344 young (4 month old) and aged (20-22 month old) rats underwent erectile function testing in vivo by measuring intracavernosal pressure (ICP) and mean arterial blood pressure (MAP) upon electrical stimulation of the cavernous nerve. The data demonstrated that erectile function was significantly lower in aged rats than that in young rats at all voltages tested (P<0.05). Western blot analysis results showed that there were no significant changes in protein expressions of RhoA, Rho-kinase-alpha and -beta isoforms, and myosin light chain phosphatase target subunit (MYPT1); however, membrane-bound RhoA and phosphorylated MYPT1 were increased in aged rat penes by 95 +/- 15 and 56 +/- 8% (P<0.05), respectively, indicating enhanced RhoA and Rho-kinase activity. Inhibition of Rho-kinase with Y27632 maximally increased ICP/MAP to 0.72 +/- 0.05 in aged rats vs. 0.47 +/- 0.06 in young rats (P<0.05). Gene transfer of adeno-associated virus (AAV) encoding dominant negative RhoA (T19NRhoA) to penes of aged and young rats for 7 days markedly improved erectile function in aged rats when compared with that in young rats (P<0.05). These observations were also supported by Rho-kinase activity assay results showing that basal Rho-kinase activity in aged rat penes receiving AAV vehicle treatment was twofold greater than that in young rat penes receiving AAV vehicle treatment, while it was reduced to a level similar to that in young rat penes after gene therapy of T19NRhoA (P<0.05). Taken together, these data suggest that impaired erectile function during the aging process involves increased RhoA/Rho-kinase signaling, and this pathway may be exploited for the treatment of age-associated ED.